FIELD OF THE INVENTION 

The present invention relates in general to magnetic films and, 
more particularly, to permalloy films with increased sensitivity in low 
field applications. 
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MCKGiRQUNP OF THE BNtVEWTIQN 
Thin film magnetic devices are of great importance to industry for 
storage, such as hard disk drive read heads, and magnetic sensors. In 
low field applications such as ring magnets, for example, functionality is 
5 limited by the lowest magnetic field levels that can be sensed. 

One specific technology where permalloy has found good use is in 
magnetoresistive bridge arrays such as shown in U.S. Patent No. 
6,297,628. In that patent; the permalloy runners are formed in a 
conventional manner as shown in commonly owned U.S. Patent No. 
10 5,667,879. 

The permalloy runners in the above referenced patents are formed 
such that the "easy" axis is used In the prior art, permalloy runner 
lengths are cut in the wafer level anisotropy direction. This axis is called 
the "easy" axis. The easy axis is in line with the wafer level anisotropy 

15 and is always in the direction of the length of the resistor. By contrast 
the "hard" axis would be in the width direction and perpendicular to 
the easy axis. However, permalloy runners such as disclosed in the above 
referenced patents all are parallel to the wafer level anisotropy 
direction, which is the easy axis. They are, thus, limited in applications 

20 by the level of magnetic field that can be sensed 

Accordingly, it would be of great advantage if a permalloy sensor 
could be developed with increased sensitivity. Another advantage would 
be to improve such sensitivity without an increase of size or current 
consumption. Other advantages and features will appear hereinafter. 
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SU MO MA RY OF THE KWVKWTIOIW 
The present invention provides an improved permalloy film that 
can be used as a sensor. The permalloy film of this invention has 
significantly increased sensitivity at low magnetic field, thus allowing 
5 extended sensing range over prior art devices. 

In its simplest form the present invention involves a modification 
of the sensor film by rotating the shape anisotropy with respect to the 
wafer level anisotropy by 90 degrees so that the wafer level anisotropy is 
perpendicular to the runner length. 
10 Fabrication of the film of this invention is done using standard 

silicon semiconductor processing techniques, except that the deposition 
of permalloy (NiFe at nominally 81% Ni) is perpendicular to the wafer 
level anisotropy. Sputter-deposited permalloy is delineated using a 
photolithographic process so that the wafer level anisotropy is 
15 perpendicular to the mechanical length of the resistor. Silicon is the 
preferred substrate and the permalloy is preferably deposited as a thin 
film. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the invention, reference is 
hereby made to the drawings, in which: 
5 FIGURE 1 is a schematic view of a wafer illustrating two different 

permalloy patterning possibilities; 

FIGURE 2 is a graphical comparison between the two different 
permalloy depositions, showing the improved performance of the 
present invention. 

10 In the FIGURES, like reference characters designate identical or 

corresponding components and units throughout the several views. 



-5- 



DBTAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Referring to Fig. 1, it should be understood that the wafer in 
practice will have tens of thousands of permalloy deposits thereon, and 
5 only two are shown for illustration purposes. As is conventional in 
sputtering techniques, the magnetic permalloy particles are biased to 
align the particles as they land on the substrate by the use of permanent 
magnets. Thus many permalloy resistors will be deposited and aligned in 
one direction. Also, when the resistors are deposited, all of them will 
10 have the same general orientation. Fig. 1 is solely for illustration 
purposes. 

In Fig. 1, a wafer 11 is shown with two different permalloy 
resistors 15 and 17 deposited thereon. In practice, the length to width 
ratio of permalloy resistors is large, on the order of 100 or more, and 

15 thus both permalloy resistors 15 and 17 are shown schematically since a 
line 100 times longer than its width would be less clear for illustrative 
purposes. An easy axis, EA, is always in the direction of the length of the 
resistor, so that permalloy resistor 15 has an EA shown by arrow 25 and 
permalloy resistor 17 has an EA shown by arrow 27. Similarly, a hard 

20 axis HA is always in the width direction and perpendicular to the 
direction of the EA. Thus permalloy resistor 15 has a HA shown by arrow 
35 and permalloy resistor 17 has a HA shown by arrow 37. 

The wafer itself has a wafer level anisotropy, WLA, shown in Fig. 1 
by arrow 21. When the EA shown by arrow 25 is parallel to the WLA 

25 shown by arrow 21, the anisotropy is seen as 0° of angle with respect to 
each other. Arrow 25 is parallel to arrow 21. This represents the known 
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configuration of permalloy resistors as used, for example, in the 
magnetoresistive bridge array shown in U.S. Patent No. 6,297,628. The 
sensitivity, particularly at very low Gauss, is acceptable for the purposes 
of that invention. The sensitivity also limits use of the invention to 
5 circumstances without the need for very high sensitivity. This is true for 
other uses of permalloy resistors. 

The present invention provides a substantial improvement in 
sensitivity of permalloy resistor by depositing the permalloy particles in 
a direction perpendicular to the WLA. This is done by patterning the 

10 resistor at 90° to the WLA. When the EA shown by arrow 27 is 
perpendicular to arrow 21, the anisotropy is seen as 90° of angle with 
respect to each other. This represents the present invention, which has 
been found to have significantly superior sensitivity under the same 
conditions and circumstances without any increase in size or current 

15 consumption. 

A test wafer with resistors patterned perpendicular to each other 
was created, and the resulting performance is shown in Fig. 2, 

Specifically, the change in resistance, expressed as delta R/R as a 
percent was measured as the wafers were exposed to changes in Gauss 

20 in the positive and negative ranges from zero. The solid line 45 
represents a conventional resistor with anisotropy of 0 Q . The dotted line 
47 represents the present invention wafer with anisotropy of 90°. If the 
Gauss change is very small, such as ± 5 Gauss, line 45 shows almost no 
change in resistance, so that delta R/R is about 0.09%, whereas line 47 

25 shows a change in delta R/R of about 0.17%, an increase of almost a 
factor of two. Similarly, if the Gauss change is ± 10 Gauss, line 45 shows 
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a delta R/R of perhaps just over 0.33% compared to line 47 with a delta 
R/R of about 0.9%. The present invention is shown here to produce a 
signal that is two to three times larger than the prior art, thus 
permitting the invention to be incorporated into designs where much 
5 greater sensitivity will be obtained 

The present invention is admirably suited for use in a variety of 
general magnetic sensors including ring magnets. 

While particular embodiments of the present invention have been 
illustrated and described, they are merely exemplary and a person 

10 skilled in the art may make variations and modifications to the 
embodiments described herein without departing from the spirit and 
scope of the present invention. All such equivalent variations and 
modifications are intended to be included within the scope of this 
invention, and it is not intended to limit the invention, except as 

15 defined by the following claims. 



